We present a new modeling tool, named VOL-CALPUFF able shows the effect of main model parameters on results, and also anticipates 24 the fundamental control of atmospheric conditions on the ash dispersal processes.
presence of complex orography is also necessary. The aim of this work is to present a 3. An Overview of the CALPUFF System
With the term "CALPUFF System" we mean the whole numerical procedure that from and it is freely available on line at the website http://www.src.com/calpuff/calpuff1.htm.
153
CALPUFF is a quite complex model composed of a great number of sub-processors linked to each other by an input-output data flow. It has a modular structure, so that, depending 155 on the available input data and type of information required, the model elaboration can 156 follow different patterns. Fig. 1 shows a simplified basic configuration of the system such is fed as input to the system's core, i.e. the CALPUFF dispersal model.
177
The CALPUFF code describes atmospheric ascent and dispersion of a gaseous mixture 178 under the action of advective, turbulent wind fields. The rising plume phase is computed 179 in a Eulerian way by solving the plume theory equation, whereas dispersal is described 180 in a Lagrangian framework. In particular, assuming a hot gaseous mixture, CALPUFF
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reproduces the plume up to its maximum height, corresponding to a null vertical velocity.
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At this altitude continuous material emission is discretized in several packets (the puffs),
183
so that at each time-step a finite number of puffs are released. The mass flow rate 184 associated with the puffs matches the mass flow rate computed at the top of the rising 185 plume. Each puff is associated with a given particle size and release time. 
The variation of mass flux (l.h.s. term) is due to air entrainment and loss of solid 
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The X-and Z-components of the momentum balance solved by the model are:
where the two components of plume velocity along the X and Z axes are u and w, 
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Finally, following the above adopted notation, the equation for conservation of thermal 300 energy solved by VOL-CALPUFF is described as:
The first term on r.h.s. describes the cooling of the plume due to ambient air entrain- Finally, two equations for the variation rate of mixture specific heat and for the mixture 310 gas constant were derived. Both variables were defined as weighted averages on the mass 311 fraction of the components. We report the expression for the gas constant only, obtained 312 knowing that the variation of gaseous mass fraction with height is solely due to entrained 313 air:
316 where R gv is the gas constant for the specific volcanic gas component. This formulation 
Puff Transport and Diffusion
The mass flow rate feeding the puffs corresponds to the particle flow rate feeding the 
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where s is the distance traveled by the puff from the source, R(s) is the horizontal 344 distance between puff center and receptor, and g t is the vertical term, also called the 
Initial Analyzes and Model Outputs
In this section first applications of the VOL-CALPUFF will be presented to show some 403 of its standard outputs and type of results it is able to provide. In particular, the plume difference of up to about 40% in column height (Fig. 5b) .
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Ash dispersal In addition to the analysis of plume evolution, VOL-CALPUFF provides 458 consistent estimates of atmospheric ash concentrations and particle deposition at the representation where the contouring of particle concentration (g/m 3 ), at a specific altitude 468 above the ground, is superimposed on a 2D topography (Fig. 7) . The code's Lagrangian representation of the VOL-CALPUFF outputs. The three snapshots correspond to three temporal instants at 12hr intervals. Variations in wind direction deflect the plume from SE to a NE dispersal.
